1. Background {#sec1}
=============

Human gliomas represent a heterogeneous group of primary malignant brain tumors, which most commonly occur in central nervous system of both children and adults \[[@B1]\]. These tumors are graded on the World Health Organization (WHO) grading system integrating four ascending grades of malignancy \[[@B2]\], as well as histologically classified as astrocytomas, oligodendrogliomas, and oligoastrocytomas \[[@B3]\]. Especially, the most aggressive Grade IV glioma is termed glioblastoma (GBM) and exhibits advanced features of malignancy, such as necrosis, pleomorphism, and vascular proliferation \[[@B4]\]. Despite ceaseless efforts by researchers to find novel therapeutic strategies, there have been no significant advances in the treatment of GBMs for several decades. The overall incidence of GBMs is about 4-5 per 100,000 persons per year, and patients with primary GBM have a clinical progression of less than about 3 months \[[@B5]\]. The WHO grading system reflects the anticipated malignancy of the tumor and serves as a criterion to estimate the prognosis of patients. However, clinical experiences derived from prospective randomized clinical trials indicate that histomorphological criteria alone may not be sufficient to predict clinical outcome. Gliomas with the same histopathological features may differ considerably regarding clinical course or response to therapy \[[@B6]\]. Undoubtedly, one reason for this is the insufficient understanding of the initiation and progression of gliomas at the molecular level. Therefore, it is of great significance to identify novel markers for gliomas in order to improve the therapeutic strategies and the individualization of therapeutic interventions.

microRNAs (miRNAs), 17--25 nucleotides endogenous noncoding single-stranded RNAs, play important roles in a wide variety of physiological and pathological processes by regulating the expression of a large number of genes posttranscriptionally \[[@B7]\]. Accumulating studies have indicated the involvement of miRNAs in tumorigenesis, angiogenesis, invasion, and apoptosis \[[@B8]\]. They are aberrantly expressed in many cancer types and exert tumor suppressive or oncogenic effects. To date, more than one hundred studies have demonstrated that various miRNAs are associated with tumor formation and progression of gliomas. For example, Chan et al. \[[@B9]\] and Papagiannakopoulos et al. \[[@B10]\] in 2005 both identified miR-21 as an antiapoptotic factor that targeted a network of p53, transforming growth factor (TGF)-*β*, and mitochondrial apoptosis tumor suppressor genes in GBM cells. Godlewski et al. \[[@B11]\] and Sasayama et al. \[[@B12]\] subsequently investigated the biological function of miR-128 and miR-10b in gliomas, respectively. In 2010, Guan et al. \[[@B13]\] clearly demonstrated that overexpression of miR-196a or -196b is correlated with shorter overall survival among patients with malignant glioma. In addition to be used as markers for analyzing molecular pathogenesis and classifying subtypes of human gliomas, several miRNAs have also been used as treatment targets for glioma therapy. For example, Verhaak et al. \[[@B14]\] in 2010 revealed that miR-128 may be used to repress the growth of glioma initiating cell in vivo, indicating its therapeutic effect of suppressing proliferation and enhancing differentiation of glioma initiating cells. Taken together, the extensive involvement of miRNAs in the regulation of various cancer-related genes\' expressions may be the molecular mechanisms of glioma initiation and progression and can be used as treatment agents or targets for the therapy of this disease.

The miR-17-92 cluster is one of the polycistronic miRNA clusters and includes six members: miR-17, miR-18a, miR-19a/b, miR-20a, and miR-92a \[[@B15]\]. This cluster is contained within c13orf25 variant 2, indicating that c13orf25 is a pri-miRNA of the mature miRNA-17-92 \[[@B16]\]. Recent studies have demonstrated the important roles of the miR-17-92 cluster in tumorigenesis. Upregulation of entire miR-17-92 cluster in myc-induced cancers may increase tumor angiogenesis by a paracrine mechanism \[[@B17]\]. This proangiogenic function has been attributed to the downregulation of the antiangiogenic molecules, which are targeted by miR-18 and miR-19 \[[@B18]\]. The present study is focused on miR-17, an important component of the miR-17-92 cluster. Accumulating studies have indicated that miR-17 functions as an oncogene or tumor suppressor in different cancer types. For example, the overexpression of the miR-17 polycistron has been detected in lung cancers \[[@B19]\]; miR-17 could control cellular proliferation and apoptosis of tumor cells by targeting the E2F family of transcription factors and by downregulating the tumor suppressor p21 and the proapoptotic protein BIM \[[@B20]\]; however, the overexpressed miR-17 may suppress the proliferation of breast cancer cells by repressing the expression of AIB1 (amplified in breast cancer-1) and CCND1 \[[@B21]\]. To our interests, previous studies also reported that miR-17 was upregulated in GBM tissues and might be involved in the viability, proliferation, apoptosis, and invasive growth properties of glioma cells in vitro \[[@B22]\]. However, the clinical significance of this miRNA in patients with gliomas has not been fully elucidated. In this study, we would like to address this problem.

2. Materials and Methods {#sec2}
========================

2.1. Patients and Tissue Samples {#sec2.1}
--------------------------------

This study was approved by the Research Ethics Committee of Second Hospital of Hebei Medical University, P. R. China. Written informed consent was obtained from all of the patients. All specimens were handled and made anonymous according to the ethical and legal standards.

One hundred and eight human glioma tissue samples for qRT-PCR were obtained from Department of Neurosurgery, Second Hospital of Hebei Medical University. Samples were quickly removed at surgery and immediately divided into two parts; one part was fixed in 4% paraformaldehyde for 24 hours, paraffin embedded, and used for histopathological diagnosis, and the remaining part was snap frozen in liquid nitrogen and maintained at −80°C until used for RNA isolation. All the slides were reevaluated according to WHO classifications \[[@B2]\] by two pathologists, with differences resolved by careful discussion. A total of 64 males and 44 females (1.45 : 1) were enrolled in this study, and the median age was 43 years (range, 13--72). Thirty of the 108 gliomas were classified as low-grade (18 pilocytic astrocytomas (WHO I) and 12 diffuse astrocytomas (WHO II)), and 78 were classified as high-grade gliomas (32 anaplasia astrocytomas (WHO III), and 46 primary glioblastomas (WHO IV)). None of the patients had received chemotherapy or radiotherapy prior to surgery. The clinicopathological features and the treatment strategies of all patients were indicated in [Table 1](#tab1){ref-type="table"}. Twenty normal brain tissue samples used as controls were obtained by collecting donations with consents from individuals who died in traffic accidents and were confirmed to be free of any prior pathological lesions.

All patients had complete five-year followup until death. Overall survival time was calculated from the date of the initial surgical operation to death. Patients, who died of diseases not directly related to their gliomas or due to unexpected events, were excluded from this study.

2.2. RNA Extraction and qRT-PCR for miRNA Detection {#sec2.2}
---------------------------------------------------

Total RNA from fresh glioma and normal brain tissues was isolated with TRIzol reagent according to the manufacture\'s instruction. Synthesis of cDNA with reverse transcriptase was performed by NCode miRNA quantitative RT-PCR Kits (Invitrogen). qRT-PCR was performed using TaqMan microRNA Assay primer with the TaqMan Universal PCR Master Mix and analyzed with an ABI Prism 7000 Sequence Detection System (Applied Biosystems; Foster City, CA, USA) according to the manufacturer\'s instructions. Analysis was performed by the comparative threshold cycle (Ct) method according to User Bulletin no. 2 (Applied Biosystems). Each sample was examined in triplicate and the amounts of the PCR products produced were normalized to U6B which served as internal control.

2.3. Statistical Analysis {#sec2.3}
-------------------------

All computations were carried out using the software of SPSS version 13.0 for Windows (SPSS Inc, IL, USA). Data were expressed as means ± standard deviation (SD). The differential expression of miR-17 between glioma tissues and normal brain tissues was evaluated by independent sample *t*-test. The *χ*^2^ test was used to analyze the relationship between miR-17 expression and the clinicopathological characteristics. A life table was calculated according to the Kaplan-Meier method. Hazard ratios for the time-to-event endpoint were estimated using the multivariate Cox regression analysis in a forward stepwise method to evaluate the effect of multiple independent prognostic factors on survival outcome. Differences were considered statistically significant when *P* was less than 0.05.

3. Results {#sec3}
==========

3.1. miR-17 Upregulation in Human Glioma Tissues {#sec3.1}
------------------------------------------------

The expression levels of miR-17 were detected in 108 glioma and 20 normal brain tissues normalized to U6B. Compared with normal brain tissues, miR-17 expression was significantly higher in glioma tissues (mean ± SD: 5.1 ± 2.5 versus 0.9 ± 0.6, *P* \< 0.001, [Figure 1](#fig1){ref-type="fig"}), corresponding to the glioma WHO grades. The statistic results showed that its expressions in high-grade (III-IV; mean ± SD: 6.2 ± 2.2) and low-grade (I-II; mean ± SD: 2.4 ± 0.8) gliomas were both significantly higher than that in normal brains tissues (both *P* \< 0.001). Additionally, there was also a significant difference in miR-17 expression between high-grade (III-IV) and low-grade (I-II) glioma tissue specimens (*P* \< 0.001).

3.2. miR-17 Upregulation Associates with Aggressive Clinicopathological Features of Human Gliomas {#sec3.2}
-------------------------------------------------------------------------------------------------

According to the relative expression levels of miR-17 to those of U6B, all 108 glioma tissue samples were divided into two groups: high miR-17 expression group (expressing miR-17 at levels more than the median expression level (5.1), mean expression value 6.9, *n* = 60) and low miR-17 expression group (expressing miR-17 at levels less than the median expression level (5.1), mean expression value 2.9, *n* = 48). Then, the association of miR-17 expression with various clinicopathological parameters of glioma tissues was analyzed as shown in [Table 1](#tab1){ref-type="table"}. The increased expression of miR-17 was significantly more common in glioma tissues with advanced pathological grade than those with low pathological grade (*P* = 0.006). A significant relationship was also found between miR-17 expression and Karnofsky performance score (KPS). The overexpression of miR-17 more frequently occurred in tumors with low KPS than those with high KPS (*P* = 0.01, [Table 1](#tab1){ref-type="table"}). However, there was no significant association between miR-17 expression and other clinicopathological parameters, including patients\' gender and age at diagnosis, and tumor size (all *P* \> 0.05, [Table 1](#tab1){ref-type="table"}).

3.3. miR-17 Upregulation Predicts Poor Overall Survival in Patients with Gliomas {#sec3.3}
--------------------------------------------------------------------------------

Furthermore, the association of miR-17 expression with prognosis in patients with gliomas was determined. The detail clinical information of all 108 glioma patients in high miR-17 expression and low miR-17 expression groups was reviewed. According to the log-rank test and Kaplan-Meier analysis, the expression level of miR-17 in gliomas significantly displayed a correlation with the patients\' survival time. Interestingly, the overall survival of patients whose tumors expressed high levels of miR-17 was significantly shorter than those with low levels of miR-17 (*P* = 0.001, [Figure 2(a)](#fig2){ref-type="fig"}).

Univariate and multivariate analyses were performed and determined whether the miR-17 expression level and various clinical parameters were independent prognostic factors of patient outcomes. As the results in [Table 2](#tab2){ref-type="table"}  show, miR-17 overexpression (*P* = 0.008) and advanced pathological grade (*P* = 0.02) were independent factors predicting poor prognosis for gliomas.

We further analyzed the prognostic value of miR-17 expression in selective patient subgroups stratified according to the WHO classification. MiR-17 expression was significantly associated with poor overall survival in glioma patients with high pathological grades (for grade III\~IV: *P* \< 0.001; [Table 3](#tab3){ref-type="table"}, Figures [2(b)](#fig2){ref-type="fig"} and [2(c)](#fig2){ref-type="fig"}) but was not as significant as in patients with low pathological grades (for grade I\~II: *P* = 0.1; [Table 3](#tab3){ref-type="table"}, Figures [2(b)](#fig2){ref-type="fig"} and [2(c)](#fig2){ref-type="fig"}).

4. Discussion {#sec4}
=============

Human gliomas are the most lethal neurological cancers. Despite research efforts, the prognosis for patients with malignant gliomas remains poor. Thus, the advances in the understanding of cellular and molecular alterations in gliomas and the development of novel, molecularly targeted therapeutic agents for its treatment are urgently needed. It has been demonstrated that miRNAs regulate the expression of one-third of the human genome \[[@B23]\]. Therefore, it is no doubt that they are involved in many aspects of glioma tumorigenesis and advancement. In this context, our research group intended to identify novel miRNA markers for the diagnosis and prognosis in human gliomas. In this study, we focus on miR-17. There are four points of our findings. Firstly, miR-17 was upregulated in human glioma tissues compared with normal brain tissues. Secondly, the increased miR-17 expression in glioma tissues was significantly correlated with advanced tumor progression and aggressive clinicopathological features. Thirdly, the results of Kaplan-Meier analyses showed that glioma tissues with high miR-17 expression tend to have unfavorable overall survival. Finally, the multivariate analysis clearly demonstrated that high miR-17 expression was a statistically significant risk factor affecting overall survival in glioma patients, especially for high grade tumors, suggesting that miR-17 expression could be a valuable marker of glioma progression and prognosis. To our knowledge, this is the first study to analyze the clinical significance of miR-17 in a large number of glioma patients.

The miR-17-92 cluster is highly conserved throughout species and has evolved along with vertebrates \[[@B24]\]. Through evolution, a series of duplications, deletions, and mutations have given rise to the modern miR-17-92 cluster, which is located on human chromosome 13 \[[@B25]\]. This cluster plays important roles in embryonic development and embryonic stem cell proliferation and differentiation \[[@B26]\]. Gene duplications and deletions eventually resulted in two miR-17-92 paralogues, the miR-106b-25 cluster on chromosome 7 and the miR-106a-363 cluster on chromosome X \[[@B27]\]. Because of their ability to suppress expression of various cancer-related genes, the miR-17-92 cluster and its paralogues have been demonstrated to exert crucial functions in cancers. Transcription of this cluster is transactivated by the oncogene c-Myc \[[@B17]\]. The overexpression of entire miR-17-92 cluster has been observed in hematopoietic malignancies, breast, colon, and lung cancers, medulloblastoma, glioblastoma, and neuroblastoma \[[@B28]--[@B30]\]. The oncogenic nature of miR-17-92 activation is supported by the identification of miR-17-92 targets with key roles in cell-cycle control and cell death. Among members of the miR-17-92 cluster, miR-17 is the most extensively studied one because both oncogenic and tumor suppressive functions have been attributed to this miRNA. In line with its oncogenic role, inhibition of miR-17 upregulation in colon cancer cells could reduce cell proliferation, induce arrest of cells in the G1/S stage, and suppress tumor growth by regulating RND3, a negative regulator of cell proliferation and cell cycle progression \[[@B31]\]. miR-17 upregulation in B-cell lymphomas could promote tumor growth by targeting E2F1 and may increase angiogenesis by targeting thrombospondin-1 \[[@B32]\]. The levels of miR-17 in peripheral blood mononuclear cells from patients with gastric cancer were significantly higher than those from healthy volunteers, and the increased level of this miRNA suggested that there are tumor cells in the peripheral blood from patients with gastric cancer \[[@B33]\]. In the present study, we observed the overexpression of miR-17 in glioma tissues with ascending order of WHO grades, which was consistent with the findings of Malzkorn et al. \[[@B22]\]. In addition to the aberrant expression patterns of miR-17, we also found that the upregulation of this miRNA was associated with advanced tumor progression and poor overall survival of gliomas. Malzkorn et al. \[[@B22]\] have demonstrated that the inhibition of miR-17 significantly reduced cell viability and increased apoptotic activity in glioma cell lines, which may be the reasons for the relationship between upregulation of miR-17 and aggressive clinicopathological features of glioma patients.

In conclusion, our data offer the convinced evidence that the increased expression of miR-17 may have potential value for predicting poor prognosis in glioma patients with high pathological grades, indicating that miR-17 may contribute to glioma progression and be a candidate therapeutic target for this disease. However, the mechanism by which miR-17 was upregulated in gliomas is still unclear. This study is hypothesis generating, and that further prospective analysis should be worth doing.
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![microRNA-17 (miR-17) expression in 108 glioma and 20 normal brain tissues detected by quantitative real-time polymerase chain reaction (qRT-PCR) analysis. Compared with normal brain tissues, miR-17 expression was significantly higher in glioma tissues (mean ± SD: 5.1 ± 2.5 versus 0.9 ± 0.6, *P* \< 0.001, [Figure 1](#fig1){ref-type="fig"}), corresponding to the glioma WHO grades. The statistic results showed that its expression in high-grade (III-IV; mean ± SD: 6.2 ± 2.2) and low-grade (I-II; mean ± SD: 2.4 ± 0.8) gliomas were both significantly higher than that in normal brains tissues (both *P* \< 0.001). Moreover, there was also a significant difference in miR-17 expression between high-grade (III-IV) and low-grade (I-II) glioma tissue specimens (*P* \< 0.001).](JBB2012-970761.001){#fig1}

![Kaplan-Meier survival curves for glioma patients in high and low microRNA-17 (miR-17) expression groups. (a) The 5-year overall survival rate of glioma patients with high miR-17 expression was significantly lower than those with low miR-17 expression (*P* = 0.001). (b) The 5-year overall survival rate of grade I\~II glioma patients with high miR-17 expression had no significant differences from those with low miR-17 expression (*P* = 0.1). (c) The 5-year overall survival rate of grade III\~IV glioma patients with high miR-17 expression was significantly lower than those with low miR-17 expression (*P* \< 0.001).](JBB2012-970761.002){#fig2}

###### 

Association of miR-17 expression in human glioma tissues with different clinicopathological features.

  Clinicopathological features   No. of cases   miR-17 expression   *P*          
  ------------------------------ -------------- ------------------- ------------ -----------
  WHO grade                                                                       
   I                             18             0 (0)               18 (100.0)   **0.006**
   II                            12             1 (8.3)             11 (91.7)    
   III                           32             20 (62.5)           12 (37.5)    
   IV                            46             39 (84.8)           7 (15.2)     
  Age                                                                             
   \<50                          42             18 (42.9)           24 (57.1)    NS
   ≥50                           66             42 (63.6)           24 (36.4)    
  Gender                                                                          
   Male                          64             39 (60.9)           25 (39.1)    NS
   Female                        44             21 (47.7)           23 (52.3)    
  Tumor size                                                                      
   ≥6 cm                         75             40 (53.3)           35 (46.7)    NS
   \<6 cm                        33             20 (60.6)           13 (39.4)    
  KPS                                                                             
   \<90                          78             54 (69.2)           24 (30.8)    **0.01**
   ≥90                           30             6 (20.0)            24 (80.0)    

###### 

Univariate and multivariate analyses of different prognostic parameters in patients with gliomas by Cox regression analysis.

  Parameter           Univariate analysis   Multivariate analysis                                 
  ------------------- --------------------- ----------------------- ----------- ----- ----------- -----------
  Age                 1.8                   0.5--3.8                0.6         1.2   0.2--3.3    0.8
  Gender              2.0                   0.7--4.3                0.2         1.6   0.3--3.9    0.3
  WHO grade           4.2                   1.3--12.0               **0.006**   3.7   0.9--10.1   **0.02**
  Tumor size          2.3                   0.9--4.7                0.1         1.3   0.9--3.7    0.2
  KPS                 2.4                   1.0--4.8                0.1         1.3   1.0--3.8    0.2
  miR-17 expression   6.2                   1.3--18.6               **0.001**   5.1   0.8--15.9   **0.008**

###### 

Subgroup log-rank analysis of miR-17 expression and prognosis in patients with different pathological grades.

  WHO grade   miR-17 expression status   5-year overall survival (%)   *P*
  ----------- -------------------------- ----------------------------- ---------
  I\~II       High                       60.0                          0.1
  Low         80.0                                                     
                                                                       
  III\~IV     High                       18.2                          \<0.001
  Low         52.2                                                     
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